Previous studies have suggested individual healthy lifestyle factors are related to lower risk of colorectal cancer. Their joint effects, however, have rarely been investigated. We aimed to assess the combined lifestyle impact on colorectal cancer risk and to estimate the population attributable risks of these lifestyle factors. Using data from the Shanghai Men's Health Study (2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013), we constructed healthy lifestyle index composing the following lifestyle factors: smoking, alcohol consumption, diet, waist-hip ratio and exercise participation. Cox proportional hazards models were used to calculate the hazard ratios (HRs) and 95% confidence intervals (CIs). Over a median of 9.28 years' follow-up, 671 colorectal cancer cases occurred (400 colon cancer and 274 rectal cancer) among 59,503 men. Each increment of healthy lifestyle index was associated with a 17% lower risk of colorectal cancer (HR 5 0.83, 95% CI: 0.78, 0.89), 10% of colon cancer (HR 5 0.90, 95% CI: 0.83, 0.99) and 27% of rectal cancer (HR 5 0.73, 95% CI: 0.66, 0.82). If all men in the cohort followed a lifestyle as defined by these five factors, 21% colorectal cancer cases would have been prevented (PAR 5 21%, 95% CI: 4%, 36%). In conclusion, combined lifestyle factors are significantly related to lower risk of colorectal cancer and the effects are more pronounced on rectal cancer than on colon cancer.
Colorectal cancer (CRC) is the third most common cancer and the fourth leading cause of cancer death in men across the world. 1 The incidence rate of CRC varied geographically with almost 55% occurred in developed countries. 2 However, in past two or three decades, the incidence rate of CRC has increased steadily in Asian countries, particularly for men. 3, 4 In urban Shanghai, the male age-adjusted incidence rate of colon cancer increased from 6.09 to 14.70 per 100,000 and the rate of rectal cancer increased from 7.68 to 11.45 per 100,000 from 1973 to 2005. 5 Besides the aging of the population, much of the great incidence increase might be explained by cancer-related lifestyle. 6 Previous studies have demonstrated that individual lifestyle factors 7 such as smoking, 8, 9 alcohol consumption, [10] [11] [12] dietary intakes of fruit and vegetables, [13] [14] [15] fish and dairy products, 16 obesity 3, [17] [18] [19] and physical activity 20, 21 were related to the CRC incidence. Theses lifestyle factors, however, tend to cluster within populations. 22, 23 Considering the complex nature and multiple dimensions of lifestyle factors, assessing their joint effects might be more reasonable and meaningful for public health guidance and policy making.
To our knowledge, few study has focused on the combined impact of these lifestyle factors on CRC risk. [24] [25] [26] [27] [28] Especially in Asia, only one study has investigated the association of the joint effects with CRC incidence risk. 25 Participants in the Shanghai Men's Health Study (SMHS) have their unique lifestyle habits (high smoking rate, high intake of vegetables, low exercise participation rate, etc.). 29 Furthermore, as a major driving factor for CRC risk in western populations, the cut-point of obesity and its effect on western populations were not applicable to Chinese population due to the differences in race, body size and types of obesity. 30 Thus, it is essential to explore the impact of combined lifestyle factors on CRC risk so as to support public health decision making in such a population. Additionally, published studies have found that differences in associations with several lifestyle factors between colon and rectal anatomical cancer subtypes exist. However, whether such a difference in the association with combined lifestyle factors exist remains unclear.
In this study, we aimed to investigate the association between combined lifestyle factors and CRC incidence risk, and to estimate the proportion of CRC cases that might be attributed to non-adherence of healthy lifestyle. Furthermore, we assessed the difference between colon and rectal anatomical cancer in associations with the joint lifestyle behaviors.
Material and Methods

Study population
The Shanghai Men's Health Study (SMHS) is a population-based prospective cohort including 61,480 men aged 40-74 in eight selected communities of urban Shanghai. The study was approved by the Institutional Review Boards of Vanderbilt University and Shanghai Cancer Institute. All participants provided written informed consents. Methods of the SMHS have been described in detail previously. 29, 31 Briefly, from 2002 to 2006, baseline information on demographics, anthropometry data, medical history, family history of cancer, as well as lifestyle factors (e.g., tobacco, alcohol drinking, usual diet and exercise participation) was obtained through in-person interviews. The participation rate was 74.0%. The validity of food frequency and physical activity questionnaires has been evaluated. 32, 33 The first two active in-person follow-ups were conducted during 2004-2008 and 2008-2011 with response rate of 97.6 and 93.7%, respectively. Annual record linkages to databases of the population-based Shanghai Cancer Registry and the Shanghai Municipal Vital Statistics were also conducted to obtain data on additional incident cancer cases and vital status. The International Classification of Diseases, Ninth (ICD-9) was used to define a primary tumor with malignant colon neoplasm coded as 153 and malignant neoplasm of rectum rectosigmoid junction and anus coded as 154. 34 
Assessment of lifestyle factors
At baseline, information on lifestyle factors including smoking, alcohol drinking, diet habit and physical activities was collected by trained interviewers through face-to-face interview. Anthropometry data including body weight, height, waist and hip circumstances were measured following a standard protocol. For smoking, information on smoking status (never, former, or current smoker), the age of starting and quitting smoking was asked. Alcohol intake was calculated according to the frequency of drinking specific alcoholic beverages and the ethanol content of each type of beverages (10 g ethanol/100 g rice wine; 4 g ethanol/100 g beer; 40 g ethanol/100 g liquor; 12 g ethanol/100 g grape wine). 35 Finally, we transformed each 14.18 grams of ethanol into the unit of "1 drink." For exercise participation, exercise types and durations were expressed in standard metabolic equivalents as MET-hours/day and then exercise duration was calculated by taking 1 MET-hours/day equivalent to about 15 minutes of moderate-intensity physical exercise. 36 
Diet score construction
We adopted the Chinese Food Pagoda (CHFP) score to assess diet habits comprehensively. It was created according to the Chinese dietary guidelines using methods of creating US Eating Index 2005. 37, 38 Ten food components including grains, vegetables, fruits, dairy, beans, meat and poultry, fish and shrimp, eggs, fats and oils as well as salt were used to construct the CHFP score. First, the density method was used to adjust dietary intakes for energy intake to 2,000 kcal/d. 39 Then, standards for maximum points and zero points were defined according to recommended intakes of specific components in the Food Pagoda. 37 Scores between minimum and maximum values were calculated proportionately according to amounts of energy-adjusted dietary intakes. The final CHFP score was the sum of all component scores ranging from 0 to 45. Methods to build the CHFP score have been described in detail elsewhere. health recommendations. 41, 42 For each lifestyle factor (smoking, alcohol use, diet, exercise participation and waist-hip ratio (WHR)), a binary score was used to distinguish favorable or unfavorable behavior. Each lifestyle factor will be coded as 1 point if it is categorized as healthy, and will be coded as 0 point if it is defined as unhealthy. Details of cutoff values and the prevalence of each lifestyle behavior were described in Table 1 . The HLI for individual participant was the summary score of all these five lifestyle factors.
Statistical analyses
In current analyses, we excluded 256 men with implausible total energy intake (<800 or >4,000 kcal per day) and 378 participants lacking information on key lifestyle factors (smoking: 1; alcohol consumption: 311; WHR: 66). Additionally, we also eliminated those who had missing data on covariates (n 5 1,100), follow-up outcome (n 5 6) and participants with unconfirmed cancer (n 5 237). After these exclusions, a total of 59,503 men were included in current analyses (Fig. 1) . We attempted to evaluate the difference between participants with missing data and those with complete data. The results indicated that participants with missing data were not systematically different from those with complete data with respect to exposure and outcome (data were not shown).
Baseline characteristics according to healthy lifestyle index were described by using mean (standard deviation) for continuous variables and frequency (percentage) for categorical variables. Cox proportional hazards models were used to calculate the hazard ratios (HRs) and 95% confidence intervals (CIs) of CRC risks with individual or combined lifestyle factors. Follow-up time was used as time scale in these models. Survival time for each participant was defined as the duration from the date of recruitment to the date of colorectal cancer diagnosis, loss of follow-up, death or December 31st, 2013, whichever came first. Proportional hazards assumption was tested by adding the interaction terms between HLI, covariates and follow-up time in models for main analyses. We didn't find any deviation from proportionality. Age-adjusted and multivariable-adjusted models were performed separately. In multivariable-adjusted models, besides age at baseline (40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74), we simultaneously adjusted other potential confounders, such as occupation (professional, clerical and manual workers), education (none/elementary, junior high school, high school, >college and above), income per person per month (<500 CNY, 500-999 CNY,1,000-1,999 CNY, >52,000 CNY), history of diabetes mellitus and family history of first degree relatives with CRC. Because only a small number of participants met all or none of the five lifestyle recommendations, the HLI was collapsed into four groups in our regression models (0-1, 2, 3, 4-5 points). To evaluate linearity, we took the HLI score as a continuous variable in regression models. When estimating associations between individual lifestyle factor and risk of CRC, we additionally mutually adjusted all five lifestyle factors as binary variables (smoking, alcohol use, diet habits, WHR and exercise participation). In addition, we tested the heterogeneity of colon and rectal cancer for associations with HLI using the Wald test.
We did subgroup analysis according to age groups in order to evaluate potential effect modification by age. Sensitivity analyses were conducted by excluding participants with follow-up time less than two years to rule out the potential bias due to undiagnosed colorectal cancer cases at baseline. Moreover, we replaced WHR with body mass index as an indicator of obesity in the index, and we rebuilt the HLI by using detailed categories of each lifestyle factors to test the robustness of our main results.
Assuming a causal association between healthy lifestyle factors and risk of colorectal cancer, 43 we calculated multivariable adjusted population attributable risks (PARs) and 95% confidence intervals. 44 PAR means the proportion of colorectal 
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cancer cases that would have been prevented if all participants adhered to all these five healthy lifestyle behaviors. PARs to each lifestyle factor were also calculated. The following formula was used for the calculation 45 :
In this formulation, t denotes a stratum of unique combinations of levels of all background risk factors which are not under study; RR 2t is the relative risk in combination t relative to the lowest risk level, where RR 2,1 5 1; s indicates the unique combinations of the levels of the index risk factors which the PAR applies, RR 1s is the relative risk corresponding to combinations relative to the lowest risk combination, RR 1,1 5 1; p st represents the joint prevalence of exposure group s and stratum t, and p :t 5 P S s51 p st . The two sided p values under 0.05 was thought to be statistically significant. All analyses were performed using Statistical Analysis System (SAS), version 9.2.
Results
Among the 59,503 men included in current analyses, 400 colon cancer cases and 274 rectal cancer cases occurred during a median of 9.28 years' follow-up. Definitions and baseline distributions of these lifestyle factors were shown in Table 1 . In brief, 33.86% men had never smoked or had quitted smoking for at least 10 years; 86.71% consumed alcohol no more than 14 drinks a week; 60.00% were classified in the healthy diet group; 16.91% spent no less than 150 minutes per week engaging in moderate-to-vigorous-intensity physical exercise; 45.77% had a WHR <0.90. Table 2 showed baseline characteristics according to the HLI scores. Participants with zero or one, two, three, four or Table 3 . Healthy lifestyle factors such as non-smoking, limited alcohol use and healthy WHR were significantly related to lower CRC risks in multivariable adjusted models. Regarding exercise participation and healthy diet, we found a weak, non-significant association with CRC risk in our cohort. The association of each lifestyle factor with rectal cancer risk was similar to that with CRC risks. The results for colon cancer risks, however, were less pronounced. If all men had a WHR <0.90, about 13% CRC cases would have been avoided, while no significant PARs of CRC were found for other individual lifestyle factors. Table 4 showed the association between the HLI and colorectal cancer risk. Compared to men with zero or one favorable lifestyle behavior, the hazard ratios and 95% confidence intervals of CRC for those with two, three and four or five healthy lifestyle factors were 0.64 (95% CI: 0.52,0.80), 0.63 (95% CI: 0.51,0.78) and 0.50 (95% CI: 0.39,0.65), respectively. When analyzing the risk by cancer site, the association of HLI was more pronounced with rectal cancer than with colon cancer. Participants with two healthy lifestyle factors were related to non-significantly lower risk of colon cancer. Compared with those with none or one healthy lifestyle factors, those with three were related to a 28% (HR 5 0.72, 95% CI: 0.54, 0.96) lower risk of colon cancer and those with four or five were associated with a 35% (HR 5 0.65, 95% CI: 0.47, 0.90) lower risk of colon cancer. As to rectal cancer, comparing to group with none or one favorable factor, a 46% lower risk was observed in group with two, 47% lower risk in group with three and 65% reduced risk in group with four or five risk factors.
Significant linear trends were observed not only for colorectal cancer but also for colon and rectal cancer (all p values for trends < 0.01). Each increment of healthy lifestyle index was related to a 17% lower risk of colorectal cancer (HR 5 0.83, 95% CI: 0.78, 0.89), 10% lower risk of colon cancer ((HR 5 0.90, 95% CI: 0.83, 0.99) and 27% lower risk of rectal cancer (HR 5 0.73, 95% CI: 0.66, 0.82) after taking adjustment variables into account. The results of PAR suggested that 21% (95% CI: 4%, 36%) colorectal cancer cases, and 36% (95% CI: 11%, 56%) rectal cancer cases might be attributable to non-adherence to these five healthy lifestyle factors. But no significant PARs were found for colon cancer.
We stratified the analysis by age groups in order to evaluate potential effect modification by age. Associations of rectal and colorectal cancer risks with lifestyle index were more pronounced in younger men than in those 65 years old and over (Table 5) . For colon cancer, the associations with 
Discussion
In this prospective cohort study, we found that the healthy lifestyle index composed by non-smoking, limited alcohol use, healthy diet, low WHR and sufficient exercise participation was inversely associated with CRC incidence risk. These associations were more pronounced for rectal cancer than for colon cancer. If all men in the SMHS followed a healthy lifestyle as defined by these five factors, 21% of colorectal cancer cases would have been prevented. Although associations between individual lifestyle factor and CRC risk have been extensively investigated, only five studies have evaluated their joint effects. In a large European cohort study of 347,237 men and women, participants followed healthy weight, sufficient exercise participation, nonsmoking, limited alcohol consumption and a healthy diet had a stepwise decrease in risk of both colon and rectal cancer with the increasing number of healthy lifestyle factors. 24 Another study in Danish men and women suggested that adding one additional healthy lifestyle factor of physical activity, smoking, alcohol, certain dietary components or waist circumference was associated with a lower CRC risk. 46 The Nurses' Health Study and Health Professionals Follow-up Study have recently evaluated the risk of colon cancer related to combined lifestyle factors. Both showed an inverse association. 26, 28 The only study conducted in Asian population focusing on the combined impact of alcohol intake, cigarette smoking, obesity, dietary pattern score, physical activity and sleep, found that compared to groups with low healthy index, those with high score were related to lower risk of colon cancer, but no such association was found in rectal cancer. 25 We found a linear trend between number of lifestyle factors and CRC incidence risk and the effects were more pronounced in rectal cancer than colon cancer. The results were similar to that of the European cohort which showed that in sub-group of men, hazard ratios were 0.47 (95% CI: 0.32 to 0.68) for rectal cancer and 0.61 (95% CI: 0.46 to 0.81) for colon cancer. 24 But the study including 63,257 Chinese in Table 4 . Hazards ratios of colorectal cancer associated to healthy lifestyle index, the Shanghai Men Singapore indicated that healthy lifestyle index related to lower risk of colon cancer but not of rectal cancer. 25 The variation of the results might be due to the effects and distribution of individual lifestyle factors in different populations. Especially for smoking and waist-hip ratio, the associations were more pronounced for rectal cancer than colon cancer and a large proportion of participants didn't adherence to these two lifestyle factors in the SMHS. Thus, the stronger inverse association between healthy lifestyle index and rectal cancer may be triggered by smoking and WHR. Differences between colon and rectal anatomical cancer subtypes have also been found for associations with smoking and obesity in published literature. In 2009, the International Agency for Research on Cancer concluded that smoking is the cause of CRC and the association seems to be more pronounced with rectal than with colon cancer. 8, 47 Results from the current study were consistent with this conclusion. For obesity, however, a meta-analysis showed that the associations of waist hip ratio were more pronounced with colon cancer than rectal cancer. 18 This may be due to the difference of potential cut-points for adiposity parameters and the discrepancy of effects on CRC cancer in different populations. Specific reasons of such heterogeneity should be further studied. The following studies investigating the combined impact of lifestyle factors on colorectal cancer risk will be valuable to explore the difference in CRC subtypes.
As differences in number, type and the definition of healthy lifestyle behaviors, we can just compare these results generally. 24, [26] [27] [28] 46 In our study, we chose traditional modifiable lifestyle factors such as smoking, alcohol consumption, dietary behavior, WHR and exercise participation and defined cut-off values according to public health recommendations. 41, 42 As studies showed that abdominal adiposity (as determined by waist circumference or WHR) was a more important risk indicator for colorectal cancer than general obesity (as determined by BMI) was, 17, 18, 48 we therefore chose WHR other than BMI as the indicator of obesity. Additionally, using BMI instead of WHR in our analyses, the hazards ratio between lifestyle index and CRC risk slightly attenuated, which also indicated that WHR might be a more important predictor for CRC risk in Chinese population. For dietary behavior, we used the CHFP score to assess it comprehensively as it provided a balanced diet for Chinese population. Because an important aim of the study was to promote the public health, food items included in the diet index was not only those were confirmed to be related to colorectal cancer risk. We included some components which were not closely related to colorectal cancer with the current evidence but were useful for health promotion. Using such a diet score, we attempted to assess the effects of a healthy and balanced diet for Chinese on CRC risk.
Exposure pattern in the SMHS was very different from that in western cohort studies. For example, smoking prevalence was as high as 66% in SMHS while the proportion was 50% in UK, 49 44% in US 50 and 7% in Australia cohort members. 51 Besides, East Asians tend to be physically inactive compared with their counterparts in western countries. 52, 53 Only 17% participants engaged in no <150 min of moderate-to-vigorous-intensity exercise per week in SMHS, compared to 73% in UK 54 and 77% in Australia, 51 40% in US 50 cohort studies. Additionally, different from western diet, diet for SMHS was not so high in red and processed meat. Furthermore, as a major driving factor for CRC risk in western populations, the effects and cut-points of obesity on western populations was not applicable to Chinese population due to the differences in race, body size and types of obesity. 30 PAR means the proportion of colorectal cancer cases that would have been prevented. It was influenced not only by the risk of the specific lifestyle factors but also by the prevalence of those factors in study population. As such a difference existed in lifestyle between populations, calculation of population specific PAR was critically essential for policy making in this area. On the other hand, results in the SMHS are of significance for men in other cities of China and in other Asian countries who have similar ethnicity and cultural factors. Our study has some strengths. The prospective cohort design minimized the information bias. The high participation and follow-up rate decreased the possibility of selection bias. The complete and validated information made it possible to adjust a wide range of potential confounders. Of note, all anthropometric information was measured by trained interviewers following a standardized protocol rather than self-administrated commonly applied by many previous studies. 27, 29 In addition, questionnaires of diet and physical activity were both validated and proved to be reliable. 32, 33 During follow-up, the outcome information was almost 100% complete. Finally, our study was conducted in China which had unique exposure pattern of lifestyle factors and colorectal cancer incidence relative to population in previous studies.
Some limitations also should be noted. Firstly, misclassification bias in self-reported variables cannot be ruled out. However, such biases tend to be non-differential leading to underestimation of the true effects. Secondly, the dichotomization of exposure variables may have led to loss of information and statistical power which may result in underestimation of the association. But in sensitivity analyses, we investigated the association using multi-categories and the result didn't change a lot compared to dichotomization. In addition, the impacts of these five lifestyle factors on CRC risk were not identical, so equal weight for these factors may not fully illuminate the effects of healthy lifestyles on CRC. However, using dichotomization allowed CRC risk attributed to lifestyle to be easily assessed so as to support public health recommendations. Thirdly, we just used information at recruitment and didn't account for the influence of lifestyle variation during follow-up. Finally, residual confounding from other unknown or unmeasured confounders also remains possible.
In conclusion, the number of healthy lifestyle factorsnon-smoking, limited alcohol use, healthy diet, low WHR and sufficient exercise participation-was linearly inversely associated with CRC incidence risk among middle-aged and elderly men in China. Healthy lifestyle promotion could be considered when making cancer prevention strategies in the future.
